GRB 060124 is the first event that both prompt and afterglow emission were observed simultaneously by the three Swift instruments. Its main peak also triggered Konus-Wind and HETE-II. Therefore, investigation on both the temporal and spectral properties of the prompt emission can be extended to X-ray bands. We perform a detailed analysis on the two well identified pulses of this burst, and find that the pulses are narrower at higher energies, and both X-rays and gamma-rays follow the same w − E relation for an individual pulse. However, there is no a universal powerlaw index of the w − E relation among pulses. We find also that the rise-to-decay ratio r/d seems not to evolve with E and the r/d values are well consistent with that observed in typical GRBs. The broadband spectral energy distribution also suggest that the X-rays are consistent with the spectral behavior of the gamma-rays. These results indicates that the X-ray emission tracks the gamma-ray emission and the emissions in the two energy bands are likely to be originated from the same physical mechanism.
Introduction
The Swift satellite (Gehrels et al., 2004) was successfully launched on 20th November 2004. It is a multi-wavelength observatory, covering the gammaray, X-ray and UV/optical bands. Thanks to its rapid repointing capability, the mission has revolutionized the Gamma-Ray Burst (GRB) observations in many aspects (for recent reviews, see Mészáros, 2006; Fox and Mészáros, 2006; . The prompt slewing capability of the X-Ray Telescope (XRT, Burrows et al., 2005) and UV-Optical Telescope (UVOT, Roming et al., 2005) allows the satellite to swiftly catch very early X-ray and UV/optical signals following the GRB prompt emission detected by the Burst Alert Telescope (BAT, Barthelmy et al., 2005) .
In the pre-Swift era, the temporal and spectral behaviors of GRB prompt emission have been studied extensively. It is found that a pulse of the prompt gamma-rays at lower energy bands tend to be wider, which is roughly depicted as w ∝ E −0.4 (w −E relation; Fishman et al., 1992; Link et al., 1993; Fenimore et al., 1995; Norris et al., 1996 Norris et al., , 2005 Piro et al., 1998; Costa, 1999; Feroci et al., 2001; Crew et al., 2003; Peng et al., 2006; Zhang et al., 2007b) . The photons at lower energy bands also lag behind that of the photons at higher energy bands (the so-called spectral lag; Cheng et al., 1995; Norris et al., 1996 Norris et al., , 2005 Norris, Marani and Bonnell, 2000; Wu and Fenimore, 2000; Chen et al., 2005; Yi et al., 2006; Zhang et al., 2006b Zhang et al., , 2006c Peng et al., 2007) .
Although many attempts have been made to explain the w − E relation and the spectral lag behavior(e.g. Fenimore et al. 1995; Cohen et al., 1997; Chiang, 1998; Dermer, 1998; Kazanas et al. 1998; Piran, 1999; Wang et al., 2000; Qin et al., 2004 Qin et al., , 2005 Shen et al., 2005; Zhang et al., 2007b; Dado, Dar and De Rújula, 2007) , its nature remains a matter of active debate in the community. On the other hand, it is unclear whether this correlation can be extended to X-ray bands. The broadband observations showed that the X-ray emission of some GRBs have unusual properties. in 't zand et al. (1999) found that the prompt X-ray emission of GRB 980519, measured by BeppoSAX, undergoes a strong soft-to-hard-to-soft evolution. An exceptionally intense gamma-ray burst, GRB 030329, was detected and localized by the instruments on board the High Energy Transient Explorer satellite (HETE). It's lightcurve has a distinct, bright, soft X-ray component (Vanderspek et al. 2004) . A thermal emission component is identified from the XRT data of a nearby XRF 060218 (Campana et al. 2006 ), but its non-thermal X-rays are from the same emission component as the gamma-rays . Vetere et al. (2006) analyzed the X-ray temporal and spectral characteristics of ten GRBs detected by the WFCs on board BeppoSAX and argued that there exist two components (slow and fast) in the X-ray emission. These facts suggest that the physics of these prompt X-rays are also very uncertain.
With benefit from the Swift satellite, the prompt X-rays of some bursts were observed, e.g. GRB 050117 (Hill et al., 2006) , GRB050713A (Morris et al., 2007) , GRB050820A (Cenko et al., 2006) , GRB 060124 (Romano et al., 2006) , GRB 060218 (Campana et al., 2006; Liang et al., 2006) ; GRB 061121 (Page et al., 2007) and GRB 070129( Godet et al., 2007; Krimm et al., 2007) . These panchromatic observations unveiled the unprecedented spectral and temporal information of GRB prompt emission. This also makes it possible to measure their temporal structures and to examine whether the well-known w − E relation can be extended to X-ray bands for these bursts. Except for GRB 060124 and 060218, these bursts have very complicated temporal structures that consist of a series of overlapping pulses. Liang et al. (2006) analyzed the non-thermal emission of GRB 060218 from the gamma-ray to X-ray bands and obtained that w ∝ E −0.31±0.03 , which roughly satisfies the w − E relation and the relation between spectral lag and luminosity derived from typical GRBs (Fenimore et al. 1995; Norris et al., 1996 Norris et al., , 2000 Norris et al., , 2005 , although it has the longest pulse duration and spectral lag observed to date among the observed GRBs. They suggested that the prompt X-rays and gamma-rays are from the same component. In this paper we present a detailed analysis on the prompt emission of GRB 060124 to examine whether the w − E relation can be extended to X-rays. In Section 2, we present the data reduction. Results are given in Section 3. Our conclusions are presented in Section 4. Swift-BAT first triggered on a precursor, then after about 500 s three major peaks following the precursor were observed. The burst is one of the longest GRBs (even excluding the precursor) recorded by either BATSE or Swift, and it is the first event that three Swift instruments have a clear detection of both the prompt and the afterglow emission (Romano et al., 2006) .
Data Reduction
The main peak data of GRB 060124 are not included in the event data since BAT was triggered by the precursor of the burst and the event data lasted only t ∼ 300 s after the trigger. The main peaks of the burst are visible in the mask-tagged 4 channel (15-25, 25-50, 50-100 and 100-350 keV bands) light curves, where the time bin is 1.6 s, generated by the flight software (see Fig. 1 ).
The XRT observations in sequence 000 included a net exposure time of t ∼ 867 s in Windowed Timing (WT) mode and 15 s in Photon Counting (PC) mode. The WT mode data recorded the main burst and were adopted in this work. The data were reduced with the standard XRTDAS tools, using the latest calibration files available in CALDB and the standard data screening. For our analysis, events in the 0.2-10 keV band with grades 0-2 were used (see Burrows et al. 2005) . The data of the WT mode during sequence 000 were affected by pile-up. To account for this effect, we extract a rectangular 40×20-pixel region with a 4 × 20-pixel region excluded from its center as the source region. The background region is a box (40 × 20-pixel) far away from the source. The XRT-WT events were extracted in three energy bands, 0.2-1, 1-4 and 4-10 keV (the corresponding backgrounds were subtracted). These are also shown in Fig. 1 . The count rates of the burst were also recorded by Konus in three energy ranges: G1 (18-70 keV), G2 (70-300 keV), and G3 (300-1160 keV). The Konus trigger data are recorded from T KW −0.512 s to T KW +229.632 s with time resolution ranging from 2 to 256 ms. The data before T KW −0.512 s are collected in the waiting mode with 2.944 s time resolution. The Konus time history of this burst in the G3 band (2.944 s time resolution) is reported in Fig. 1 as well.
Results
As shown in Fig. 1 , the largest peak (∼560-580 s) exists significantly in all eight energy bands. The temporal properties of this peak in both the X-ray and gamma-ray bands are worth discussing. This peak consists of three main pulses. We focus on two apparent pulses among them. Kocevski et al. (2003) developed an empirical expression, which can be used to fit the pulses of GRBs. This function is written as
where t m is the time of the maximum flux (F m ) of the pulse, t 0 is the offset time, r and d are the rising and decaying power-law indices, respectively.
From the BAT light curves we find that the peak considered here is apparently separable at about T 0 + 540 s, but it is not separable in the three XRT energy ranges due to overlapping. Norris et al. (1996) developed a method to deconvolve an overlapped GRB temporal profile into pulses. We use this method deconvolve the temporal profiles of the burst from 450 s to 540 s into seven pulses in the three XRT energy bands, where Eq. 1 is adopted as the pulse model. An interactive graphical IDL routine and a least-squares algorithm are applied to the pulse fit. The front pulses obtained from the fit are subtracted from the XRT light curves, which yields new data of the light curves. In this way, the peaks after 540 s are no more affected by the front overlapping pulses. Presented in Fig. 2 are these new XRT light curves and the BAT light curves.
It is known that the burst temporal profiles are self-similar across energy bands (e.g. Norris et al. 1996) . We deconvolve the largest peaks from 540 s to 650 s into three pulses for all XRT and BAT energy bands with the same methods described above, where the new XRT data are adopted. The fitting results are shown in Fig. 2 as well 1 . We label the two apparent pulses in the concerned energy bands as Pulse 1 (that with the smaller magnitude) and Pulse 2 (that with the larger magnitude), respectively (see Fig. 2 ).
The data recorded by Konus before T KW −0.512 s are collected in the waiting mode with 2.944 s time resolution. Since this time resolution is low, the corresponding data cannot be used in our analysis. We adopt only the 256 ms trigger data after T KW −0.512 s (558.839 s after the BAT trigger) to preform the temporal analysis in the 300-1160 keV band. The data are also displayed in Fig. 2 . We find from the figure that, in the 300-1160 keV band, only one pulse (Pulse 2) can be identified and can be fitted with Eq. 1.
We measure the pulse width w, and the ratio of the rising time to the decaying time r/d at the full-width half-maximum (FWHM) of the fitting curves. The uncertainties of these quantities are derived from the errors of the fitting parameters according to the error transform function. The results are listed in Table 1 , where the errors are reported in the 1σ confidence level.
There exists a significant trend that pulses are narrower at higher energies. The w − E relations for two pulses are presented in Fig. 3 , where E is the geometric mean of the lower and upper boundaries of the energy band. It shows that the two quantities are correlated. Following Fenimore et al. (1995) , we parameterize the dependence of the pulse width on energy by a power law. The best fit yields w ∝ E −0.47±0.05 (N=5) for Pulse 1 and w ∝ E −0.23±0.03
(N=6) for Pulse 2. Please note that the data in 0.2-1 and 1-4 keV bands are not included in the fits. It is found that the power-law index for Pulse 1 is roughly consistent with that previously observed in typical GRBs, but it is much shallower for Pulse 2, similar to that observed in GRB 060218 . Note that the distribution of the index for a typical GRB sample has a large dispersion, with a median of ∼ -0.4 (see, Peng et al., 2006; Zhang et al., 2007b ). Thus, it is possible that there is no a universal power-law index of the w − E relation. For these two pulses, we find that their r/d values are well consistent with that observed in typical GRBs (e.g., Norris et al., 1996 Norris et al., , 2005 Liang et al., 2002; Peng et al., 2006) , but no apparent relationship between r/d and E is observed.
Broadband spectral energy distribution (SED) is also helpful to discriminate different emission components. We derive the SED from the peak fluxes of an individual pulses at different energy bands by using the spectral data 2 . The results are listed in Table 2 (also see Fig. 4 ). From Table 2 and Fig. 4 , one can find that the peak fluxes for the two pulses become larger at higher energies, suggesting that the X-rays are the same emission component of the gamma-rays.
Conclusions and Discussion
We have analyzed the temporal properties of the two well-identified pulses of GRB 060124 from X-ray (0.2-10 keV) to gamma-ray (15-1160 keV) energy bands. We find that the pulse width w is energy-dependent for the two pulses in eight energy bands (0.2-1, 1-4, 4-10, 15-25, 25-50, 50-100, 100-350 and 300-1160 keV). The pulses are found narrower at higher energies, and both Xrays and gamma-rays follow the same w − E relation for an individual pulse. However, we find that there is no a universal power-law index of the w − E relation among pulses. We also find that the rise-to-decay ratio r/d seems not to evolve with E and the r/d values are well consistent with that observed in typical GRBs. The peak fluxes for the two pulses become larger at higher energies. These results indicates that the X-ray emission tracks the gamma-ray emission and the emissions in the two energy bands are likely to be originated from the same physical mechanism.
One remarkable advance from Swift is that the on-board XRT has established a large sample of X-ray lightcurves from tens of seconds to days (Zhang et al., 2006a; Nousek et al., 2006; O'Brien et al., 2006) . The physical mechanisms of these X-rays are of great uncertain and is on debate in the GRB community (see review by . It is possible that the mechanisms are diverse (e.g., Zhang et al., 2006a; Zhang et al., 2007a , 2008 . As we show here that some X-rays are possibly from the same emission component (see also Liang et al., 2006 for GRB 060218) . However, Vetere et al. (2006) analyzed the temporal and spectral characteristics of X-rays for ten GRBs detected by the WFCs on board BeppoSAX and argued that there exist two components (slow and fast) in the X-ray emission. This feature actually is also seen in GRB 030329 (Vanderspek et al., 2004) . Both temporal and spectral properties are critical to discriminate these components. Fig. 2 . XRT, BAT and Konus light curves around the largest flux of the burst, where the effects on the XRT light curves after 540 s by the front overlapping pulses have been checked. The three fitting pulses accounting for the largest peak (540-650 s) are also plotted in this figure. The red lines represent the superpositions of the three fitting pulses (in the 300-1160 keV band, only one fitting pulse is adopted). Table 2 Peak fluxes of the individual pulses at different energy bands in GRB 060124. 
